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M A T R I X  R E P R E S E N T A T I O N  OF DECAY S C H E M E S  
H e n r y  C. G R I F F I N  
Department of Chemistry, University of Michigan, Ann Arbor, MI  48109, USA 
A matrix representation of the scheme of radioactive decay combines the compactness of a tabular form with the positional 
information of a graphical "decay scheme". The representation is particularly convenient for generation from computer files and 
printing with "personal computer" types of devices. 
1. Introduction 
As the quality and quant i ty  of nuclear spectroscopic 
informat ion have improved, methods of archiving and 
retr ieving that  in fo rmat ion  have evolved. When  
Strominger,  Hol lander  and Seaborg [1] prepared the 5th 
edit ion of the " T a b l e  of Isotopes" (the last to appear  in 
Reviews of Modern  Physics), there was a considerable 
difference between knowledge about  radiat ions (en- 
ergies and intensities of various types of transit ions) and 
about  nuclear excited states (energies, spins, parities, 
half lives, etc.). Therefore it was useful to present bo th  a 
list of radiat ions and a "dis in tegra t ion  scheme" showing 
levels and transi t ions among them. The difference in- 
creased in the 1960s when high resolution, low effi- 
ciency detectors (conversion electron spectrometers  and 
Ge(Li) diodes) led to rapid expansion of the lists with 
relatively less informat ion on correlations. 
The gap between lists and decay schemes has closed 
to the point  there is little need for the separate formats 
except as they fit the custom or other needs of the user. 
Almost  all of the gamma rays listed in the 7th edit ion of 
the " T a b l e  of Isotopes" [2] are also included in level 
schemes. 
The matrix formats described in the following sec- 
tions combine the compactness  of a list with the infor- 
mat ion on correlat ions conta ined in decay schemes. 
Fur thermore,  the matrices correspond to a simple com- 
puter  format. 
2. Matrix representation 
The matrix form is used for bo th  the computer  data  
file and the pr inted output.  The data  file is prepared 
form a line file, each line of which describes a single 
transit ion,  i.e. a format  similar to that  used at the 
Nat ional  Nuclear  Data  Center  [3]. The line file is con- 
venient for editing but  has little meaning outside its 
context.  The decay scheme program assembles the 
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gamma transit ions among  N levels into a 3-dimensional  
array (N  × N x 2) in which the elements ai/k are: 
nominal  energies of levels, i = j ,  k = 0, 
t ransi t ion energies, i < j ,  k = 0, 
t ransi t ion intensities, j < i, k = O, 
uncertainties,  k = 1. 
For unobserved transitions,  intensities are listed as 
zero, and limits are given as negative values for the 
uncertainties.  Transi t ions  from other nuclides are stored 
in a 2-dimensional  array ( N x 2 )  of intensities and 
uncertaint ies  for each parent  state. These working files 
are the basis for " w h a t  if" inquiries and the pr inted 
representa t ion described below. 
The ar rangement  of informat ion in the pr inted form 
of a decay scheme is given in fig. 1. This ar rangement ,  
with feeding intensities on the left, is most appropr ia te  
for/9 decay in analogy with the convent ion  of increas- 
ing Z from left to right. Other  types of decay (feedings 
by posi t ron emission, electron capture, and alpha decay) 
might  be shown by feedings in a row at the top or a 
co lumn at the right. In terms of regions, the matrix has 
the following form: diagonal  - properties of states of a 
par t icular  nuclide, lower left measured propert ies of 
t ransi t ions between levels, upper  right inferred prop- 
erties of transitions,  extra rows or columns - t ransi t ions 
between nuclides. 
As an example, part  of the decay scheme [4 6] of 
91Sr is given in fig. 2. Lines have been drawn to show 
I I " ~levels -. branching 
ratios 
feedings 
I energies ~ 
I~ d ~ ~ solute intensities ~ 
total intensity through levels 
Fig. 1. Arrangement of information in matrix decay schemes. 
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Fig. 2. Partial decay scheme of ,~1Sr( ,8- )91y + ~l,ny. Information is arranged in the body of the schemc as given in fig. l. The inset at 
the top gives reduced transition rates (see text) for alternative spins for the two top levels. 
the arrangement of the information in the computer 
output. Energy and J" values of levels in 91y populated 
in the decay of 9~Sr are shown in the diagonal elements. 
Energies and intensities of gamma-ray transitions are 
given in the lower left elements. These energies are the 
observed values; for an unobserved transition only the 
upper limit for the intensity is given. Branching ratios 
(in parts per thousand) are given in the upper right. 
Empirical reduced transition rates (see definition in 
sect. 2.3) are given below the branching ratios. Absolute  
rates are rarely known, and these reduced transition 
rates are based on assigning a value to one of  the 
transitions from each level. Each of  the matrix entries is 
explained in more detail below. 
2.1. Diagonal elements 
Per t i nen t  p rope r t i e s  o f  the  levels are  g iven a long  the  
d iagona l .  T h e  f o r m a t  is f lexible in tha t  the  user  can  
c h o o s e  the  n u m b e r  o f  l ines  per  e l emen t  a c c o r d i n g  to 
pa r t i cu l a r  needs .  In the  in teres t  o f  c o m p a c t n e s s ,  the  
sizes s h o u l d  be a p p r o x i m a t e l y  the  s a m e  ac ross  the  re- 
g ions .  If subs t an t i a l l y  m o r e  i n f o r m a t i o n  is needed  for a 
level t h a n  for t r an s i t i ons  a m o n g  levels, a s epa ra t e  row 
or  c o l u m n  (in add i t i on  to f eed ing  in tens i t ies )  can  be 
used .  T h e  reverse  (more  i n f o r m a t i o n  on  t r ans i t i ons )  is 
no t  a p r o b l e m  s ince  the  o f f -d i agona l  e l e m e n t s  cons t i t u t e  
m o s t  of  the  ma t r ix .  
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2.2. Energies and intensities 
The off-diagonal entries are the substance of the 
decay scheme. The basic a r rangement  can accommodate  
entries as simple as the energies and intensities as given 
the lower left part  of fig. 2 or as complicated as needed 
(uncertainties,  angular  correlat ion coefficients, etc.). The 
principle is that  measured quanti t ies  appear  in this part  
and inferred quanti t ies  be  given in the upper  right. 
There is little wasted space; any but  the most  com- 
plicated decay scheme can be given in a single figure 
with numerical  entries of the min imum legible size. 
2.3. Branching ratios 
Although branch ing  ratios can be obta ined from 
intensities without  making assumptions  concerning 
models or nuclear structure, they cannot  be interpreted 
without  some assumptions.  For  example, the center of 
gravity of the 653- and 926-keV levels is 835 keV, which 
is very close to the energy (831.7 keV) of the first 2 ~ 
state in 9°Sr [2]. One might  interpret  these levels as 
arising from a coupling of the Pl/~ pro ton  to a 
quadrupole  excitation of the core, which would imply 
enhanced  E2 transi t ions to the ground state similar to 
the 5 single particle units  [7] observed for the 2 + to 0 + 
transi t ions in neighboring even nuclides [2]. In contras t  
to this enhancement ,  many transi t ions are much slower 
than the Weisskopf est imate [7]. We have adopted em- 
pirical retardat ions of 105 for E1 transi t ions and 10:  
for MI .  On this basis the 273-keV M1 transi t ion form 
the 926-keV level is normal  - unit rate on the empirical 
scale - if the 926-keV transi t ion is a collective E2 of 5 
single particle units (spu). Similarly, if the 1055-keV 
transi t ion form the 1980-keV level to the 926-keV level 
is a " n o r m a l "  MI (0.01 spu), the weak 675-keV El  is 
also normal (1.9 × 10 5 spu; 1.9 on the empirical scale). 
The use of a pr inted matr ix in a manner  similar to a 
" sp read  sheet" program for " w h a t  if" quest ions is il- 
lustrated in the top 2 lines of fig. 2. The branching  
ratios remain fixed, but  the reduced t ransi t ion rates 
depend on assumpt ions  as to be multipole character  of 
the transitions. The choice of the normaliz ing t ransi t ion 
is impor tan t  but generally fairly clear. In any event, 
various choices can be explored. 
3. Discussion 
The printed matr ix representat ion was created as an 
aid in experimental  decay scheme studies. With a little 
experience it is easier to read than the t radi t ional  " l ines  
and  arrows" diagrams. It can be pr inted quickly, mak- 
ing updates convenient .  Al though the format  for the 
data  file is not  a replacement  for line files when fre- 
quent  editing is required, the array format  is compact  
and  therefore attractive for on-line storage of mature  
decay schemes. One of the limits to the accuracy of 
gamma-ray  spectroscopy in assaying complex mixtures 
of radionuclides is losses from coincidence summing.  As 
the applicat ions become more sophist icated it will be 
necessary to include coincidence relations in the data  
base which is used in the analysis. The array format  
includes that  informat ion with very little increase in the 
size of the data  base. It does not include a list of gamma 
rays by energy, even for a single nuclide. However, it is 
in tended for use with a computer ,  most of which have 
sort ing programs available. The user could define the 
nuclides likely to be present in a part icular  mixture, 
ob ta in  a list of energies and intensities (with nuclide 
labels), order the list, compare  with experimental  spec- 
tra, and refine the analysis by using g a m m a - g a m m a  
correlat ions to correct for coincidence effects. 
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